During the last five years, the global area of transgenic crop (GM-genetically modified) cultivation increased 25-fold. About 98% of GM crops are grown in the USA, Argentina and Canada from where they are sent to many importers of soyabean and maize. The results of feeding experiments indicate that soyabean meal obtained from herbicide-tolerant lines and insect-resistant maize are substantially and nutritionally equivalent to their conventional lines. A higher content of insecticidal a-amylase inhibitors (as well as lectins and alkaloids) may increase plants' resistance to insect attack, as well as the decrease nutritional value of seeds. Evaluation of the concordance of the chemical composition of transgenic and conventional crops (i.e., verification of substantial equivalence) is not sufficient for proving the safety of transgenic food. Sub-chronic in vivo experiments as well as comparison of nutritional equivalence of transgenic and conventional crops are advisable. Such actions are justified not only by the possibility of undesirable transgenic effects, but also by the consumer's right to explicit information on food safety. Without evaluation of nutritional equivalence, information on GM-food safety is much more deficient than existing knowledge on the quality of feeds used in animal nutrition.
INTRODUCTION
The persisting deficiency of high-protein compounds in animal feeding explains the high position of imported soyabean in the Polish feed balance. Therefore, also in Poland-where cultivation of genetically modified plants is still not allowed-GM crops are used in large amounts in animal feeding or as food product components. This is not a well-known fact and does not arouse as much interest as the transgenic products obtained by national biotechnological research teams. There are many premises indicating that introducing domestic or imported transgenic plants into field cultivation may evoke emotions similar to those observed in other European countries, especially in the United Kingdom. These emotions are directed mainly against the use of genetically modified organisms (GMO) in food production. Some consumers quote a well-known saying, "You are what you eat". This is an excellent motto for an article in Nature concerning the adaptation of Darwin's finches to local conditions (Ryan, 2001) ; but when used for GMO -it only worsens anxiety. Reluctant acceptance of transgenic products is, to a great extent, similar to the first reactions to smallpox vaccine, anesthetics, telephones, and artificial insemination (Phipps and Beever, 2000) . The unexpected but still observed apprehension of the scientific community has taken form in the creation of the Union of Concerned Scientists. In December 1999, with reference to aroused emotions as well as to the chasm between GMO followers and opponents, Science pronounced "GM Foods Under Attack" as the Controversy of the Year. So far, basic questions as to possible consequences of using GMOs in animal feeding and food production have not been answered comprehensively enough.
GENETIC ENGINEERING: A NEW METHOD OF PLANT BREEDING
The use of molecular biology techniques in plant science was began in the early eighties of the last century. Earlier, since the thirties, selection and cross breeding were the most important methods of plant breeding (Table 1) . Unlike the previous methods of plant breeding, molecular biology enriches the plant genotype from any source. Plant modification using recombinant DNA technology is the insertion of a known sequence of foreign DNA into the host genome. It is thus quite distinct from mutation breeding, because it is based on initial non-random DNA change and can cross species boundaries. The new genetic information is assembled as one or more gene "cassette" consisting of promoter, coding and terminator regions (Kappeli and Auberson, 1998) . Because it is impossible to screen for certain traits in individual transformants (e.g., resistance to viral diseases), genetic information for selective marker genes conferring antibiotic resistance or herbicide tolerance is co-introduced along with the primary target traits.
While evaluating the dangers of transgenic products, one should remember that conventional methods (not exempt from error) were also used to change the genotype of cultivated plants. Long-standing selection led to elimination of erucic acid and lowering of the glucosinolate content in rape. The tannin content in new white field bean cultivars and alkaloid content in lupin seeds were substantially lowered in the same manner. In all of the above-mentioned cases, the content of a component typical of a particular species was eliminated or reduced. Genetic engineering allows not only obtaining the desired effect in a much shorter time, but also enables crossing boundaries characteristic of a given species, for instance susceptibility to thermal stress, viral diseases, herbicide activity. The first information that a transgenic plant had been obtained come in 1986 and concerned tobacco resistant to mosaic virus (Abell et al., 1986) . In the next decade, genetic engineering was used to obtain and investigate the cultivation conditions for new plants with modified genotypes. In 1996, the global area of transgenic crop cultivation was 1.7 million ha; during the next five-year period it increased 25-fold to 44.2 million ha (James, 2001 ; Table 2 ). In 2000, herbicide tolerance, introduced into soyabean, maize and cotton, distinguished 74% of the 44.2 million ha of CM crops; 8.3 million ha (19%) were planted with insect-resistant crops, and the stocked genes for herbicide tolerance and insect resistance introduced into both cotton and maize occupied 7% of the global transgenic crop cultivation area. In 2000, four countries grew 99% of the global amount of transgenic crops: USA (68%), Canada (7%), Argentina (23%) and China (1%). The remaining 1% was grown in 9 other countries. The number of countries where GMOs are used in animal feeding and food production is still growing as the result of export of soyabean and maize by the USA. 
NUTRITIONAL IMPLICATIONS OF TRANSGENIC HERBICIDE-TOLERANT PLANTS
Improving tolerance to herbicides is the main genetic modification being made to plants. Table 3 summarizes the types of transgenic herbicide-resistant crops approved for cultivation in the European Union, the United States, Canada and/or Japan. Glyphosate-tolerant soyabeans (GTS) have been engineered for selectivity to foliar application of the herbicide glyphosate. Glyphosate is the active ingredient of the broad-spectrum of nonselective herbicide Roundup®. Padgette et al. (1995) introduced a single gene that confers a high level of glyphosate tolerance to a commercial cultivar of soyabeans. This gene encodes a glyphosate-tolerant 5-enolpyruvylshikimate-3-phosphate synthetase ixomAgrobacterium sp. strain CP4 (CP4 EPSPS). CP4 EPSPS is present in plants, bacteria and fungi, but not in ani- Among all of the soyabean modifications mentioned in Table 3 , increasing resistance to the herbicides Glufosinate and Glyphosate is the most frequent. Therefore, it is important to summarize the most important information on the use of herbicide-resistant soyabean. Two GTS lines (denoted 40-3-2 and 61-67-1) were obtained by particle gun bombardment of the conventional cultivar of soyabean. Products obtained from conventional and GTS lines were extensively studied with respect to different criteria. Table 4 summarizes the main results of these studies. Padgette et al. (1996) analyzed the chemical composition of seeds, batches of defatted toasted meal, defatted nontoasted meal, protein isolate, and protein concentrate. The analytical results concerning macronutrients (protein, fibre, carbohydrates, ash) and antinutrients (trypsin inhibitors, lectins, isoflavones, oligosaccharides and phytates) demonstrated that the GTS lines are equivalent to the parental, conventional soyabean cultivar.
The results of a feeding study by Hammon et al. (1996) were also similar when animals were fed diets with soyabean meal from parental and GTS lines. In an experiment carried out on rats, more distinct differences were noted between groups receiving diets containing unprocessed ground meal or processed soyabean meal, than between groups receiving diets with soyabean meal from the GTS and parental lines. There were no gross pathological findings observed at necroscopy that were considered related to genetic modification. However, the liver of several animals fed GTS and parental-line ground soyabeans appeared darker brown at necroscopy; the liver of the rats on the control diet also appeared darker. Because rats fed processed GTS and parental-line soyabean meal did not exhibit a similar incidence of darker brown liver at necroscopy, this finding may have been related to feeding rats with ground soyabeans at a high dietary level. Because this finding occurred both in rats fed ground GTS and in rats fed ground parental-line soyabeans, it was not considered to be related to genetic modification. In another study, body weight gain, feed consumption, gaimfeed ratio, viability, breast and fat pad weight during the 42-day study period in chickens fed diets with about 30% of GTS and or parental line processed soyabean meal were similar. The results of a study on dairy cows were also similar when animals were fed diets with soyabean meal from parental and GTS lines. Dry matter and net energy intake were not affected by the source of soyabean used in the total mixed diets, and apparent dry matter digestibility was similar for the diets. Similarly, indices of nitrogen balance were not affected by diet. Milk production (corrected to 3.5% of fat) was even higher for diets containing 10% soyabean meal from GTS lines. In all studies, the measured variables were similar for animals fed both GTS lines and the parental line, indicating that the feeding value of the two GTS lines is comparable to that of the parental one. Hammon et al. (1996) confirmed that in all studies, measured variables were similar for animals fed both GTS lines and the parental line, indicating that the feeding value of the two GTS lines is comparable to that of the parental line. The abovementioned conclusion is appropriate, however, the described studies do not cover all important applications of soyabean meal in animal feeding. There were no studies carried out on pigs, and the model of the study conducted on rats (aged 8, and not 3-4 weeks) may arouse some reservation. Nevertheless, there are sufficient grounds for stating that the nutritional value of glyphosate-tolerant soyabean is equivalent to the parental, conventional soyabean cultivar. Table 4 also summarizes the main results of studies concerning the biological properties of protein extracts from GTS seeds containing CP4 PSPS. CP4 PSPS were readily degraded in simulated gastric and intestinal fluid. There were no deleterious effects resulting from acute administration of CP4 PSPS to mice by gavage at a high dosage of 573 mg/kg body weight, which exceeds 1000-fold the anticipated consumption level of food products potentially containing CP4 PSPS protein. Harrison et al. (1996) confirmed that these data, in combination with seed composition analysis and animal feeding studies, support the conclusion that glyphosate-tolerant soyabean is as safe and nutritious as the traditional soyabean currently being marketed.
The following factors are named most often as potential risks of transgenic herbicide-resistant crops: 1. greater reliance on herbicides for weed control, 2. increase in herbicide use, 3. more contamination of the water, soil and air and shift in exposure patterns, 4. development of resistance in weed species by introgression of the transgenes, 5. shifts in populations of weeds towards tolerant species, 6. increase in volunteer problems in agricultural rotation systems, and 7. negative effect of herbicides on non-target species (Kuiper et al., 2000) . As much as they are interesting, they go beyond the scope of this paper and will not be explicitly described herein.
NUTRITIONAL IMPLICATIONS OF INSECT-RESISTANT PLANTS
The first generation of insecticidal plants was introduced onto the market in 1996. This plant was denoted "Bt", because the bacterium, Bacillus thuringiensis, which produces 8-endotoxin, was used as the source of the new gene (Jouanin et al., 1998) . 8-endotoxins are widely applied in the protection of plants against insects, especially Lepidoptera and Cleoptera. Bacillus thuringiensis was first used as a bioinsecticide and the main advantage of such formulations is that they are harmless to humans, mammals and the non-target fauna. The 8-endotoxins are solubilized in the insect midgut and are activated by gut proteases that cleave the protein into a smaller polypeptide, the toxin. This toxin binds to the surface of epithelial cells in the midgut, inducing lesions that destroy the cells and lead to the death of the insect (Knowles and Dow, 1993) .
The 8-endotoxins are encoded by bacterial or synthetic gene cry (crystalline proteins) introduced into crop plants (maize, cotton). The first publications reported a very low level of expression of the bacterial cry genes, generally less than 0.001% of leaf soluble proteins. In plants expressing synthetic cry genes the level of expression of protein is higher; from 0.02 to 1% of leaf soluble proteins (Jouanin et al., 1998) . Feeding investigations conducted so far do not provide grounds for stating that expression of the cry gene has a deleterious effect on the nutritional value of maize. This refers to maize seeds used in monogastric animal nutrition as well as to green fodder used in ruminant feeding. The data collected in Table 5 indicate that the effects on poultry and cows were similar when animals were fed transgenic lines and the parental line of maize. Einspanier et al. (2001) estimated the fate of ingested recombinant plant DNA in the organs of cattle and chickens fed a diet with Bt and conventional maize. Plant DNA was found in all cattle organs (muscle, liver, spleen, kidney). However, the short maize chloroplast gene fragments were amplified in all chicken tissues. The investigations of Faust and Vlachos (after Phipps and Beever, 2001 ) and Einspanier et al. (2001) indicate that milk and eggs obtained from animals fed Bt maize do not contain plant DNA. Feeding studies done to date show that Bt maize is nutritionally equivalent to conventional maize and that it is safe for animal feeding.
From the animal feeding point of view, the idea of inducing the synthesis of antimetabolic proteins that interfere with digestive processes in insects seems dubious. Protease inhibitors, oc-amylase inhibitors, lectins and alkaloids, substances defined as antinutritional factors, the contents of which have been limited so far through conventional selection of cultivated plants varieties, are being used. Increasing their content in feeds may worsen animal nutrition. This was observed in the study by Pusztai et al. (1999) , where a rat diet was supplemented with 30% transgenic or parent peas. Transgenic pea seeds contained about 3 g/kg bean oc-amylase inhibitor. Control rats obtained diets with lactalbumin and lactalbumin supplemented with oc-amylase inhibitor, in levels equivalent to those in transgenic pea diets. Selected results of the study are presented in Table 6 . In a short 10-day experiment, a decrease in rat weight gain was not observed, whereas a significant increase in excreted faeces and decrease in dry matter digestibility were noted. In the group of rats fed the diet with oc-amylase inhibitor (synthetic or in pea seeds), a significantly higher mass of the caecum was noted. This proves that the activity TABLE 6 Selected results of feeding rats with diets containing lactalbumin without (O) or with oc-amylase inhibitor (a-AI) and 30% of seeds of parent (P) and transgenic (TR) pea (according to Pusztai et al., 1999) Lactalbumin Pea of oc-amylase inhibitor in the digestive tract resulted in part of the dietary starch remaining undigested in the small intestine and reaching the caecum in greater amounts. The presented results indicate that introduction of the bean oc-amylase inhibitor gene into pea lowered the nutritional value of seeds. For this reason the title under which the results were published "Expression of the insecticidal bean oc-amylase inhibitor transgene has minimal detrimental effects on the nutritional value of peas fed to rats at 30% of the diet" was not appropriate.
In the above-mentioned study of Pusztai et al. (1999) , the functional oc-amylase inhibitor content of the transgenic pea line was equivalent to 0.3% bean inhibitor/ kg seed. In the earlier studies of Ishimoto and Kitamura (1989) and Huesing et al. (1991) , a 3-fold higher concentration of oc-amylase inhibitor in artificial diets (1%) was toxic to the larvae of two major pests of stored legume seeds, the Bruchus beetles, Callosobruchus maculatus (cowpea weevil) and Callosobruchus chinensis (Azuki bean weevil). This suggests that efficient insecticidal levels of oc-amylase inhibitors, protease inhibitors, lectins, or alkaloids may be too high and thus may have a deleterious effect on the nutritional value of seeds. This doubt should be examined in a full cycle of animal feeding (breeding or fattening period), using animals most susceptible to particular components; experiments on rats are not sufficient for evaluation of the biological properties of alkaloids in feeds designed for pigs.
NUTRITIONAL IMPLICATIONS OF OTHER TRAITS OF TRANSGENESIS
The most important trait of transgenesis that may find an application in the nearest future is improvement of crop resistance to bacterial, fungal, and viral diseases in particular. Considerable achievements have already been obtained by Polish authors in this matter, especially in increasing crop and potato resistance to viral diseases (Hulanicka et al., 1997; Zimny et al., 2000) .
Depending on the method of transgene construction, resistance may be pathogen-derived (using a pathogen) or based on nonviral genes. The most important method in the first group mentioned is coat-protein-mediated resistance (CPMR), obtained through synthesis of transgenic DNA in infected plants without disturbing the life functions of the parasite (Fitchen and Beachy, 1993 ). An interesting example of the second type of transformation is introduction of the animal gene, 2'-5'oligoadenylate synthetase, to a plant, inducing the synthesis of endogenous ribonuclease that degrades single-strand viral RNA (Truve et al., 1993) . Both types of transformation may slightly affect the chemical composition of transformation products. It is assumed that introduction of the CPMR gene brings about synthesis of considerable amounts of transgenic DNA and RNA, and small amounts of proteins. Phenotype changes in plants can be insignificant and not affect their nutri-tional usefulness. Also 2'-5'oligoadenylate synthetase, commonly occurring in animals, should not affect the nutritional value of transgenic crops. It is possible that the nutritional value of components, e.g., potatoes devoid of numerous necroses caused by viral diseases, may even be increased. This assumption, however, should be verified by a feeding study.
Another promising trait of transformation is improvement of the nutritional value of crops. In animal feeding, soyabean meals processed from genetically modified high-protein soyabeans have already been used. Transgenic soyabean meal, containing over 60% crude protein, gave similar feeding results in cockerels to those of soyabean meal from conventional lines (Edwards et al., 2000) . Similar modifications may increase the lysine content in soyabean protein (Parsons and Zhang, 1997) and utilization of phytate phosphorus (Denbow et al., 1998) .
A feeding study aiming at evaluating the nutritional value of seeds with an improved composition should cover two elements: range of beneficial changes (e.g., increasing digestible methionine) as well as the possibility of deleterious genetic changes. The latter possibility is real due to the low precision of introducing the gene. Both using bacterial cells as microprojectiles, particle bombardment techniques, and use of polyethylene glycol lead to a random location of the introduced gene in the host genome. This may evoke undesirable changes in the chemical composition and nutritional value of transgenic crops.
Safety and economical advantages will decide about the possible practical application of other genetic modifications, previously tested on a laboratory scale, influencing among others: 1. plant architecture and flowering, including plant height, flowering and ripening times, 2. increased tolerance to environmental stresses including cold, water, and saline soil, 3. the enhancement of vitamin, mineral and anticancerogenic substance contents, 4. oil, starch and protein modification to provide supplies of raw materials for biodegradable plastics, 5. the production of pharmaceutical substances, e.g., anticoagulant compounds, edible vaccines (Dale, 1999) .
ASSESSMENT OF GM-FOOD SAFETY
According to FAO/WHO experts (1996) , the necessary scope of safety evaluation of food containing genetically modified organisms, GMOs, depends on the effect of the modification process on the chemical composition and properties of products. According to that concept, most of the already-introduced genetic modifications belong to the first group of GMOs, i.e., products that were found significantly similar to already-existing conventional food. Similarity is stated on the basis of two criteria: 1. phenotype evaluation, i.e., comparison of morphology, growth, flowering, resistance to diseases and other properties with these of unmodified plants, animals and microorganisms; 2. chemical evaluation, i.e., deter-mination of the most important nutritional components and antinutrients (including antinutritional or toxic ones) typical of the species being modified and the source of the extraneous gene. If the differences in the contents of the analyzed components are within the range of natural diversity (e.g., variety differences within plant or animal species), then it can be assumed that modified as well as conventional food raw material are equivalents. Although verifying this assumption is not obligatory, such a raw material should be a nutritional equivalent, i.e., it should assure similar effects as conventional raw materials in animal feeding. The previously mentioned studies using glyphosate-tolerant soyabeans and Bt insect-resistant maize, which concluded that these GM products are as safe and nutritious as traditional soyabean and maize currently being marketed, were conducted according to the above-mentioned criteria.
The second group of GMO-food noted in the FAO/WHO report (1996), consists of products that were found to be significantly similar to already-existing conventional food, except for precisely defined differences. From the previous examples of genetic modification of feed raw materials, plants with a genetically increased content of protease inhibitors, a-amylase inhibitors, lectins and alkaloids can be included in this group of products. In the case of this group of GMOs, evaluation of compositional equivalence comprises desirable change of the content of a selected component. In respect to this GMO group, special attention is also being paid to potential allergenic properties that may arise as a result of the synthesis of a new protein. The third group of food products obtained by genetic modification comprises products that do not show significant similarity to alreadyexisting conventional food. Only in this case, i.e., in relation to GMO, is it necessary to conduct full feeding and toxicological investigations on animals in order to prove their safety.
The above-mentioned safety rules for using GMOs have numerous opponents. In the opinion of some consumers' groups, genetically modified products already introduced into the market (tomatoes and strawberries with prolonged shelf-lives, cucumbers enriched with "sweet" proteins, insect-resistant apples, cabbage and pumpkin as well as viral disease-resistant potatoes, wheat and rape) differ so much from conventional products that they deserve to be called "Frankenfood" (Dale, 1999) . Opponents' opinions were the most explicitly expressed by Millstone et al. (1999) , who said that showing that a genetically modified food is chemically similar to its natural counterpart is not adequate evidence that it is safe for human consumption. Millstone et al. (1999) suggested that substantial equivalence, which was first introduced in 1993 by the Organization for Economic Cooperation and Development (OECD, 1993) and was endorsed in 1996 by the FAO and WHO (FAO/WHO, 1996) , is a pseudo-scientific concept because it is a commercial and political judgment masquerading as if it were scientific. Consequently, for Millstone et al. (1999) one obvious solution at the time would have been for legislators to have treated GM foods in the same way as novel chemical compounds, such as pharmaceuticals, pesticides and food additives, and to have required companies to conduct a range of toxicological tests, the evidence from which could be used to set 'acceptable daily intake' (ADIs). Discussion evoked by the above concept had a profound share in the verdict of the Science Editors in December 1999 -controversy of the Year: GM Foods Under Attack.
It is obvious that with reference to food, apart from ecological issues (which are not discussed), it is necessary to consider all aspects of safe use of GMOs, including potential allergenic properties, possible transfer of DNA to animal products and human organisms, transfer from GM plant material to bacteria residing in the gastrointestinal tract and adverse changes in chemical composition and nutritional value. It is known that 90% of allergies come from common allergenic food, such as milk, eggs, fish, tree nuts and legumes. The finding of allergenic properties of products in which the content of methionine was increased through introduction of a gene from Brazil nuts, proves that similar results may be observed in each modification of protein composition. Many consumers are afraid of the transfer of transgenic DNA to the human organisms. Some works suggest that intact DNA may survive, cross the gut epithelium, enter the blood stream and interact with mammalian cells. Schubbert et al. (1997) , calculated that 2-4% of orally administered DNA was detected in the gastrointestinal tract and 0.1-0.01% was retrieved from blood. Recent work on the fate of DNA in vivo has added to the understanding of the rate at which consumed DNA is destroyed by natural processes (Mercer et al., 1999) . Probably, DNA may remain available for transformation in the oral cavity but is rapidly inactivated further down the gastrointestinal tract. A limited number of studies have attempted to investigate DNA transfer from GM plant material to microorganisms. These studies tend to confirm the view that such an event would be extremely rare (Beever and Kemp, 2000; Gasson, 2000) .
An increase in the content of substances that disturb the digestion and metabolism of food components as well as those lowering the nutritional value of products may be an undesirable effect of transgenesis. The techniques of introducing the extraneous gene do not make it possible to foresee where the recipient DNA chain will be changed. Introduced DNA may destroy sequences of a gene encoding an important functional trait or may reveal a negative trait that had been dormant so far. Taking into consideration all these circumstances, a compromise should be found between the opinion of Millstone et al. (1999) , and solutions currently accepted by FAO/WHO experts. In the newest FAO/WHO report (2000), the rule of substantial equivalence as the basis for safety assessment of genetically modified foods is upheld. It is assumed that animal testing may be deemed necessary if the characterization of the food indicates that the available data are insufficient for a thorough safety assessment. This would be particularly relevant in the case if the food was expected to make a significant dietary contribution, if there is no history of consumption of the novel gene product or if the modification affects several metabolic pathways. More extended studies are assumed in the case where the genetically modified food differs from the traditional counterpart by the presence of one or a few new genes and their products. In such cases, it is generally considered that a sub-chronic study of 90-day duration is the minimum requirement to demonstrate the safety of repeated consumption of a food in the diet. It is also advised that conventional toxicity testing of food additives should be used with reference to isolated products of extraneous gene expression. Such a solution, however, does not consider the previously presented misgivings that the rule of substantial equivalence, preferred by GMO producers, is insufficient for evaluation of safe use of transgenic food (Millstone et al., 1999) . Therefore, the best solution would be acceptance of the rule that each GM-food must be evaluated according to the criterion of nutritional equivalence to their conventional products. Application of a 90-day sub-chronic study for this evaluation may only slightly extend the time and increase the cost of introducing such new food products. It will make it possible to decide about the necessity of conducting toxicological tests on the basis of the results of biological studies, and not on the basis of disputable evaluation of genetic changes in food raw material. Such a solution is strongly supported both by opponents of transgenic food as well as by consumers' rights groups demanding more explicit information on food safety. Without evaluation of nutritional equivalence, information on GM-food safety is much more deficient than knowledge about the quality of feeds used in animal feeding.
